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SUMMARY 


This report covers the background of the Protective Structures 
Development Center, Fort Belvoir, Virginia; and the design, con¬ 
struction, cost analysis, pr.liminary testing and evaluation of the 
prototype dual purpose 200 and 1000-person community fallout shelters. 

The report concludes that: 

a. The building design provides for an txcellent dual-purpose 
shelter. However certain modifications, which are listed 

in Section 5, may be made to the design for further improve¬ 
ments in similar structures. 

b. No unusual construction problems were encountered. 

c. The cost per person sheltered in the 1000-person shelter was 

- approximately $152 compared to $300 in the 200-person shelter. 

d. During normal operation and acceptance tests, the heating 
and ventilating systems of the shelters maintained design 
conditions. 

e. Most electrical features have proven to be satisfacto'y during 
normal use; however, some minor changes which are listed in 
SECTION 5.4 should be incorporated in future shelters. 

f. Additional investigation of the acoustics of the shelters and 
•methods of reducing noise from mechanical equipment is desir¬ 
able. 





SECTION 1 


INTRODUCTION 


].1 SUBJECT 

The purpose of the study covered in this report was to evaluate the 
adequacy of the design and to analyse data obtained during construction 
of a prototype IOCO and 200-person dual purpose community shelters. The 
two shelters were erected as part of a single construction contract 
during the period June through November 1962 at the Protective Structures 
Development Center (PSDC), Fort Belvoir, Virginia. 


1.2 BACKGROUND 

The Protective Structures Development Center was established to: 

a. Develop, test, evaluate and improve the design and construction 
of protective structures. 

b. Develop, test, evaluate and improve the design, construction 
and operating characteristics of equipment associated with protective 
structures. 

c. Provide a repository for technical information about protective 
structures and associated equipment. 

d. Provide a full-scale radiation testing facility. 

e. Provide an area where manufacturers can erect shelter structures 
and components for test and evaluation. 

f. Provide facilities for use by authorized research groups. 

Design and construction of the Center was under the direction of the 
U. S. Army District Engineer, Norfolk, Virginia. The construction con¬ 
tract was awarded 30 June 1962. The following table contains an itemiza¬ 
tion of the principle features of the overall construction contract: 


Table 1.1 


itemization of Overall Construction Contract 

Item 

Contractor 

Cost 

A-E Contract 
(DA-Ui-lOO-ENG 5327) 

Mills, Petticord and Mills 
Alexandria, Virginia 

$ 21,?00.G0 

Construction Contract 

(DA-Ut-110-ENG 5332) 

Permanent Builders Company 

Blade naburg, Maryland 

212,2Wt.50* 


*To five' root line of the lobo and &J5 person shelter! together. Overall 
cost of construction Inc lu d ing the two shelters, Radiation Tent Facility 
(not described in this report) wad site woifc was ISO.,3C£.?5. - 
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The prototype 1000 and 200-person shelters were built to provide 
design and construction data, for study and evaluation of design 
features and as facilities for testing and evaluation of shelter equip¬ 
ment. The shelters are reinforced concrete structures each having one 
story aboveground and a basement. Beneficial occupancy date was 
21 November 1962. 


SECTION 2. INVESTIGATION 


2.1 DESCRIPTION 

2.1.1 Design . 

The 200 and 1000-person shelters were constructed from plans pre¬ 
pared in accordance with 0CD definitive designs of the Shelter Design 
Series C 45-1 published August 1962. See Appendix F for Shelter Plans 
and Sections. Each was designed as a one-story and basement shelter to 
serve a dual function; ackninistrative functions during normal occupancy, 
and as shelter during an emergency. 

For normal occupancy it was necessary to provide utilities and site 
laprcrentente such as roads, sidewalks and parking lots. Exterior util¬ 
ities provided for the shelters include a 6" water main connected to 
the local water company system, a septic tar.k and tile drainage field 
and an electrical distribution line connected to the local utility 
company line. 

For emergency conditions space is provided for storage of food and 
supplies sufficient for 14 days. A 1000 gallon underground water storage 
tank is provided for the smaller shelter and a 4000 gallon water tank is 
located at the larger shelter. Both shelters provide approximately ten 
square feet per person for Its rated capacity, excluding unusable areas 
such as mechanical and generator rooms. Shelter statistics arc summa¬ 
rised in Table A-1 of the Appendix. As prototype shelters the informa¬ 
tion gained from their use will be used in developing standard shelters. 

2.1.1.1 Architectural . The exterior building dimensions are approxi¬ 
mately 37 feet square for the 200-person shelter and 76 feet square for 
the 1000-person shelter. The height from the basement floor to the 
first floor is 10'-2” in both shelters. The minimum ceiling height ifl 
approximately 9'-0" in the basement and first floor of each structure 
as shown on the plans. No decoration or ornamentation was used on the 
exterior other than a hard smooth surface finish for concrete walls 
and roof, and a flag pole at the 1000-person shelter. 

Interior partitions are concrete masonry block except where solid 
concrete vs. la are requireu to provide radiation protection. The base- 
■ ,nt and first floor walls and callings sre exposed finish. Interior 
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firs 1 Hcer walls of both shelters and interior walls and ceiuings of all 
1 oi> 1 areas and ail doors and 5rim have been painted, 

"f.oor r ' in ♦he ‘oilers ori bo 1 ] floors of each shelter are ceramic 
- i;r- vri‘h cerardc ■‘ile base and wainscot. Asphalt tile and rubber base 
v*re vsed in the firs 1 floor shelter areas, offices and vestibules of 
lo*h shelters. Ail other floors of both shelters are concrete finish. 

:h« doors in both structures are hollow metal, class "D", with a one 
hour firo racing. 


hoofs of both shel‘ers are reinforced concrete slabs sloping 1/2" 
per foot from the ridge. 1 he roof was designed to have a smooth concrete 
fi:ish *o facilitate tj ; e blow off of fallout particles. This surface is 
also compatible with, the possible future installation of roof washdown 
or blowdown systems and for the testing of such equipment. The deletion 
of built-up roofing material also reduces the fire hazard and reduces 
the cos 1 cf construction. 

2.1.1.2 Structural . The structures were designed in conformance with 
the A.O.T. Building Code (316-56). 'The floors of both shelters were 
designed for a live load of 100 psf and the 13 " flat slab roofs were 
designed for a live load of 20 psf. Four columns with drop panels 
support the first floor and the roof of the 1,000-person shelter. One 
center column with a drop panel supports the first floor of the 200- 
persen shelter. Exterior wall thickness is 10" for the basement walls 
of both shelters and 13" above the first floor of the larger shelter 
and If" for the smaller shelter. The first floor walls and roof slab 
were designed to provide a minimum protection factor of 100 at the 
center of the building. Reinforced concrete walls in the mechanical 
equipment rooms which proride radiation shielding from the filters of 
the sir handling ’units ar4 from apertures in the generator room are 
also structural memoers. These walls in the 1,000-person shelter were 
designed as cantilever beams, assuming that the floor and roof slabs 
act as effective beam flanges for a distance of 2 feet on each side of 
the wall center line « see Figures 2,1 and 2.2) and that the vertical 
shear is carried by the exterior walls. This design made it possible 
to avoid using a column or bearing wails in the basement under the mechan¬ 
ical equipment room. 





Effective section for concrete wall des:.j;n in 1,(.\K-i erson shelter 
















In the 2 r ' n -person shelter, the interior walls of the generator room 
were designed to take advantage of the diaphragm action to avoid using an 
additional column in the basement. In this design it is assumed that the 
wall supprrts part oi the roof and floor load, that torsion restraint Is 
provide? by the roof and floor slab, that vertical shear is taken by the 
extirior walls, and that horizontal shear is taken by the roof and floor 
slabs. 

Normal design methods were used throughout the other portions of the 
building except that minimum wall and roof slab thicknesses were based on 
radiation shielding requirements. Neither structure was designed for 
blast protection. 

2.1.1.3 Mechanical . The air conditioning system provides for automatic 
heating, cooling and ventilation for sucater and winter normal operation 
and for emergency handling of large quantities of unheated and uncooled 
air. The system includes an air handling unit (with heating and cooling 
colls), refrigeration compressor, air cooled condenser, oil-fired hot 
water boiler and an emergency ventilating fan. The equipment is located 
on the first floor of each building except for the air cooled condenser 
which Is mounted on the roof. A small power exhaust fan Is located on 
the roof over the toilet area of each building. 

The air handling unit will circulate 9 cubic feet of air per minute 
(CFM) per person of total shelter capacity. It will supply between 1 and 
9 CFN of filtered outside air per person depending on control settings 
and outside air temperatures, or will supply a constant 3 CFM of filtered 
makeup outside air under manual emergency control. The emergency fan will 
supply 21 CFM of outside, filtered air per person of total shelter capac¬ 
ity. The air handling unit and the emergency fan can be operated together 
and bring in a maximum of 30 CFM of filtered outside air per person. 

Two duct systems are used in each shelter. The normally used duct 
system distributes air from the air handling unit to the various rooms 
within the building. The emergency duct system forces air into the large 
room on the first floor and the large room in the basement through a 
large opening near the ceiling of each room at a point adjacent to the 
mechanical equipment room. All exhaust air flows through the mechanical 
equipment room and is discharged to the outside through relief dampers 
located near the outside entrance of the mechanical equipment room. The 
relief dampers are set to maintain 1/A inch static pressure (water gage) 
inside the structures during normal operation. 

The hot water boiler with a forced circulation system will provide 
sufficient hot water to the heating coll in the air handling unit to 
maintain an inside temperature of 72°F during normal winter operation. 

The air handling unit is the oultl-zone type which permits separata con* 
trol of temperatures in the above and below ground shelter areas. Room 
thermostats in each of the large above and below ground shelter areas 
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modulate hot and cold deck dampers at the discharge of the air handling 
unit. 


The following la a listing of mechanical design criteria for the 
normal and emergency ventilating systems: 

1. Local Environment 

a. Summer Outside Air PeslRn Temperat- *: 95°P D.B. and 

78°F W.B. represents temperatures which are not exceeded 
taore than 11 of the time for the entire year for the 
Washington, D.C. area. 

b. Summer Inside Air Design Tenyerature : 78°? D.B. and 65°F W.B 

c. Winter Outside Air Design Temperature : 10 e F D.B. represents 
the dry bulb temperature which has a 13-year frequency of 
occurrence for the entire year for the Washington, D.C. area 

d. Winter Inside Air Design Tenyerature : 72 # F D.B. 

2. Baergency Conditions 

a. Outside Air Design Temperature t Same as for normal simmer 
design. 

b. Inside Air Design Temperature as follows : 

Effective Temperature Dry Bulb Wet Bulb Air Velocity 

85° 98°F 80‘F 200 fpm 

Table 2.1 below lists machine room sixes and equipment therein for 
the 1000 and 200 person shelters. For location of mechanical equipment 
and location of machine rooms in relation to general floor layouts see 
Shelter Plans, Appendix F. 


Table 

2.1 





Mechanical 

Equipment 





It ms 


1000 Person 

200 Person 

Nat Area of Machine Room 


456 

sq. ft. 

131 

aq. ft. 

Compressor (Tons Refrigeration) 


20 


3, 

.7 

Boiler (Hot Water) 


351 

MBH 

108 

MBH 

Air Conditioning Unit 

8 

,540 

cfm 

1,300 

cfm 

Baergency Ventilating Fan (Ik" i.p 

.,w.g.) 21 

,460 

cfm 

4,100 

cfm 
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2.1.1.li Electrical . The 120/208-volt, >phase electric pt mt and 120- 
volt, 1-phase lighting systems and equipment for the 200 ard ICOO-psraon 
shelters have been designed to permit dual use of the structures, suffi¬ 
cient power is available from local transformer stations adjacent the 
buildings to operate all electi*ical equipment connected to the itorjual and 
emergency sections of the main distribution panel, including heatin;, 
ventilating, hot water and air-conditioning equipment. 

Provision has been made for the future installation of a 25~kv and 
5-kw emergency diesel engine driven generator for the 1000 end 200-person 
shelters, respectively. Each generator room is equipped with louvers, 
junction box for generator connections, and capped diesel fuel oil supply 
and return pipe lines from the underground storage tank. It is antici¬ 
pated that the facilities of these generator roans will be used for testing 
and evaluation of generators and associated equipment. 

During emergency conditions the refrigeration compressor and condenser 
fan motors for the air-conditioning equipment can be made inoperative by 
opening the appropriate 3-pole circuit breakers in the main distribution 
panel of each shelter. The emergency section of the distribution panels 
are connected to the normal power supply and also through a manual power 
transfer switch to the emergency generators. Table 2.2 indicates equip¬ 
ment on the normal and emergency power distribution systems. 



Table 2.2 


Equipment Connected to Normal and Emergency 

Power Distribution Systems of 1000 and 200-Person Shelters 

Item 

Normal 

Emergency 

Refrigeration compressor 

X* 

X* 

Condenser fan 

X 

X 

Air handling unit fan 

X 

X 

Emergency ventilating fan 

X 

X 

Toilet exhaust fan 

X 

X 

Oil burner 

X 

X 

Circulating pump 

X 

X 

Draft inducer 

X 

X 

Hot water heater 

X 


Water coolers 

X 


Receptacles 

X 

Approx, half 

Lights 

X 

Approx, half 


*X indicates items connected to the particular power distribution 

system. 

Light fixtures are of the flourescent type except for the exterior, 
stairway, closet, end equipment room lights. Conduit runs are concealed 
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Table 2.4 


l'roteition r ac L'-rs of the 1,0 00 and 200-Perso n She lters 


I etfc tor Tck it ion 

Protection Facto 

1,000-Person .■heltor 


First Floor 

105 

Basement 

2,640 

200-Person .shelter 


First Floor 

IK. 

Basement 

2,5*»0 


♦Detector position 3' above finish floor levels. 

The protection factor is somewhat less near the periphery of the 
first floor of the buildings than at the center; for example, in the 
1,000-person shelter the PF is 105 at the center of the first floor area 
and 94 at a point 10 feet from the midpoint of the northwesterly exterior 
wall 


2.1.2 Construction Techniques . 

2.1.2.1 General . Construction of the 1000 and 200-person shelters was 
started on 11 July 1962 and was essentially complete on 21 November 1962, 
the beneficial occupancy date. The duration of work on principal construc¬ 
tion features is shown by the construction progress chart of Appendix C. 

The labor force working on the two shelters was composed of up to 50 men. 

A summary of labor classified by skills or trades, and construction equip¬ 
ment used is included with the cost data in Appendix D. 

2.1.2.2 Surveying . A Corps of Engineers survey party did the general 
surveying required for the Center. This included: 

a. establishment of bench marks 

b. layout of base line for the siting of the various structures 

c. preliminary layout for utilities 

d. establishment of boundary lines 

The prime contractor had the responsibility for performing all other 
surveying required for construction of the shelters. Engineers employed 
by the contractor performed the following: 

a. established temporary bench marks as required 

b. staked out each structure 
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c. staked out utility lines 

d. checked and veriiied invert elevations of utility lines, 
nan holes and other installations 

e. checked and veriiied elevations of footings ef the structures 

2.1.2.3 Excavation . Top soil was stripped to a depth of approximately 

6 inches in the areas of the 1000-person shelter, parking lot, and drainage 

field using a 5 yard pan, bulldozer, front-end loader and trucks. Top soil 

was piled in a convenient location at the rear of the site. The same equip- 
BKnt was used to excavate for the shelter and the material was piled nearby. 
The rough excavation was shaped using the front-end loader with final 
trimming being done by hand. 

A front-end loader and clam crane was used to excavate for the 200- 
person shelter. Trucks were used to transport the excavated material to a 
nearby area for storage. 

2.1.2.A Structural Work (1000-Person Shelter) . Wall and column footings 
were hand trenched. Wood forms were used for the footings with maximum 
use made of natural earth cuts, as appropriate, for form faces. 

Steel forms were used for the wails. The form panel'., were A feet 
long with widths up to and including 2A inches. Concrete for ‘he basement 
walls was placed in four sections with vertical construction Joints located 
at the midpoints of each wall. Damp burlap was used for curing concrete 
walls after the forms were removed. Finishers dressed the concrete in 
exposed walls after the removal of forms to remove fins and loose materials 
and to fill holes left by snap-off form ties and voids. Holes were filled 
with cement mortar. 

Conventional plywood flat slab forms supported on wood joist framing 
and metal shores were used for the first floor slab. Construction of the 
first floor slab was begun as the work was completed on the basement walls. 
Concurrently work was started on the first floor wall forms. 

The first floor slab was divided into four sections by construction 
joints along tha center lines of the building. The placing sequence used 
provided a time Interval of several days between adjacent sections to 
minimise the effect of shrinkage. The concrete was covered with waterproof 
paper and a thin layer of soil during the curing period. Forms were left 
in place for at least six days after the concrete was poured. 

Work was continued on forms for the first floor walls so that a 
section was ready for placing upon completion of the floor »lab. The 
construction techniques and sequence of work was similar to that of the 

basement walls. 


i 






Fntrance baffle walls were formed and placed after the other first 
floor walls were completed and before the roof slab was placed. 

Forms for the roof slab were similar to those used tor tne first 
floor. The root was placed In two sections with a construction Joint 
along the ridge. Careful control was required during the placing and 
curing of the roof slab to keep shrinkage cracks to a minimum since roof¬ 
ing material was not to be used. Two-pa^t polysulfide joint sealer was 
used on construction Joints and cracks to prevent leaks. See Saction 

2.2.2 for a discussion of the formation and repair of cracks in the roof 
slab. 

The basement floor was placed last to save construction time. If 
the baseaunt slab had been placed first it would have been necessary to 
wait until the concrete had attained the necessary strength lo support 
the load of the slabs above before construction could proceed. By using 
this method up to two weeks of time was saved. An opening was left in 
the basement wall to permit access for pouring concrete and placing the 
gravel base course. The basement slab was divided in.to nine sections 
for pouring the concrete. 

Interior masonry walls were constructed after the reinforced concrete 
work was completed. 

2.1.2.5 Structural Work (200-Person Shelte r). Construction techniques 
for the 200-person shelter were similar to those used for the 1000-person 
shelter, with the exception of the use of plywood forms for the esterior 
walls and the location of wall and slab construction joints. 

The placing sequence and location of construction joints In the 200- 
person shelter varied from that used for the 1000-person shelter due to 
the smaller size of the structure. The basement walls were poured In two 
operations and the first floor walls, first floor slab, and roof slab were 
each poured in a single operation. The basement slab was poured in two 
sections. 

2.1.3 Construction Costs . 

2.1.3.1 Shelter Costs - Contract Price . The cost of the shelters at PSDC 
based on the contract price is summarized in Table 2.5. A summary of costs 
for the shelter structures as given in the contractor's Bid Proposal is 
provided in Apnendix D, Table D-1. 
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_ Tab-e 2.3 _ 

Cost Based on Contract Prices 




Total 

Per Sq. Ft. 
of Gross 
Area 

Per Sq. Ft. 
of Net Shelter 
Area 

Per 

Person 

Sheltered 



$ 

$ 

$ 

$ 

1000-Person 

Shelter 

152,226.00 

13.18 

15.22 

152.23 

200-Person 

Shelter 

60,018.30 

21.60 

30.00 

300.09 


2.1.3.2 Shelter Costs - Estimated As Separate 1'nlts . Since the construe 
tlon of the two shelters was accomplished as a part of a half-million 
dollar contract it was desired to determine if the shelter cost had been 
altered because of the large scale, efficient operation undertaken by the 
contractor. Accordingly, an estimated cost was determined by evaluating 
actual labor, material and equipment at prevailing rates plus allowable 
overhead. The estimated cost Is as follows: 


_ Tabl? 2.b _ 

Estimated Cost Based on Actual Construction 




Total 

Per Sq. Ft. 
of Gross 

Area 

Per Sq. Ft. 
of Net Shelter 
Area 

Per 

Person 

Sheltered 



$ 

$ 

$ 

V 

1000-Person 

Shelter 

171,955 

14.89 

17.20 

171.96 

200-Person 

Shelter 

81,036 

29.28 

40.52 

405.18 


The inapector'a daily Job report was modified before construction be¬ 
gan to aaaure accurate reporting of labor and equipment; material W3S based 
on preconstruction government estimates. Overhead was at allowed rates, 
all as discussed in the following paragraphs. 

2.1.3.3 Estimated Coat of Materials . Estimated cost of construction 
materials and Installed equlpamnt shewn in Appendix D, Tables D-2 and D-3, 
was determined from average coats in the Washington, D.C. Area. The total 
estimated coat of materials and mechanical equipment was approximately 
$67,209 for the 1000-person shelter and $27,361 for the 200-person shelter. 

2.1.3.4 Estimated Cost of Construction Equipment . Construction equipment 
coats are shown in Appendix D, Tables D-4 and D~5. The approximate operating 
time for each piece of equipment was determined from the project inspector's 
daily Job reports. The costs shown in these tables were based on average 
coate for each type of equipment assuming it was owned and operated by the 
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contractor although some specl.'i equipment, such as cranes, was rented 
on an hourly basis. The total estimated cost for construction equipment 
used was $2,^04 lor the 1000-p.-rson shelter and $1,477 for the 200-person 
shelter. 

2.1.3.') estimated Post ot Tabo r. The approximate number ol man-hours 
expended by the contractor and the labor costs of the various construction 
trades and/or skills utilised In constructing the shelters and associated 
items are shown in Appendix D, Tables D-6 and D-7. The wage rates are 
those determined as minimum for the area by the Secretary of Labor and/or 
from the contractor's payroll. The labor cost figures are based on a 
40-hour week and do not Include overtime and holiday pay rates or insurance, 
etc. The man-hours shown in the tables were obtained from the daily Job 
reports submitted by the Area Engineer and are approximate. The total 
estimated contractor labor cost was $64,280 for the 1000-person shelter 
and $34,048 for the 200-person shelter. 

Supervisi^" "f the construction was provided by the Area Engineer, 

Fort Belvoir, for the Norfolk District Engineer. The Area Engineer had a 
full-titae inspector on the project, whose time was divided between shelter 
construction, radiation test facility construction and other related work 
at the Center. Additional supervision was provided by the Area Engineer 
and his staff. The prime contractor was represented by one superintendent 
who was responsible for .uperviaion of all construction at the Center. 

The Superintendent's time is included in the labor sunxnary above; however, 
government supervision and labor costs are not included in th'.s report. 

2.1.3.6 Estimated Cost of Insurance, Overhead and Profit . Costs in 
addition to those shown above include insurance and other payments on 
labor, contractor's overhead and contractor's profit which are assumed 

to be 12", 10X and 10X, respectively. These costs are shown in Appendix D, 
Table D-8. The combined estimated cost of these items is $37,557 for the 
1000-person shelter and $18,150 for the 200-pcrson shelter. 

2.1.3.7 Cost Comparison . Compared to the contract costs, the estimated 
Isolated cost is about 13% greater for the 1000-person shelter and about 
35X greater for the 200-person shelter. It is reasonable to assume that 
the cost of a small isolated structure will be relatively greater than 
for a larger project because of mobilization costs, less efficient utili¬ 
zation of labor and higher unit costs for materials. Coats are Influenced 
by many factors, some of which may be obscure, particularly when several 
Items are constructed under one contract. The accuracy of the coat data 
preaented in tliia section is evaluated in Section 3. 

1 2.1.4 Construction Problems . 

I Construction of the 1000 and 200-person shelters did not present any 

k , unusual or serious problems. Normal construction methods proved adaptable 

| to building structures of this type. 
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2.2 

2.2.1 Preliminary Operational Tes ts. 

Preliminary tests conducted in the shelters include normal operation 
of the mechanical equipment, radio reception and sound level investigation. 

2.2.1.1 Mechanical and Elec tr ica l. Normal operation of mechanical equip¬ 
ment during the short duration of occupancy has provided operational infor¬ 
mation for the 200 and 1000-person shelters. Further, limited test data 
has been obtained as a result cl acceptance tests performed in connection 
with the construction contract The heating, ventilating and air condition¬ 
ing systems of the shelters were found to maintain the design conditions. 

Fuel oil and electricity cost data will be obtained from normal use 
of the buildinR. The probable annual fuel oil consumption calculated by 
the degree-day method is 7,450 gallons for the 1000-person shelter and 
2,150 gallons for the 200-person shelter at an estimated cost of $672.74 
and $194.15 respectively (based on $0.0903/gal. ). 

2.2.1.2 Radio Reception . Radio reception was investigated in the struc¬ 
tures using a portable, battery powered, transistor radio. For this test 
no exterior antenna was used. Standard AM broadcasts from several radio 
stations were received. It was found that in virtually every location 
within the shelter, including the basement, the audio level and quality 
was satisfactory. 

2.2.1.3 Sound Level . During the dedication ceremonies tor PSDC on 

7 December 1962, sound level meter readings were taken inside the 1000- 
person shelter to determine noise levels produced by the approximately 
220 people in attendance. A portable audio level meter and tape recorder 
were located in the west end of the first floor shelter area near the 
corner adjacent to the offices and were mounted 4' high. This location 
al > permitted checking the noise level in the coffee and refreshment 
line areas. A second portable audio level meter was used in the basement 
shelter area rear the front of the room to check the nvise level before, 
during and after the dedication ceremony speeches. Readings were also 
taken at various locations about the rooms to obtain a check on the sound 
intensities. 

The sound intensity level in the first floor shelter area varied 
between 65 and 80 decibels with about 12 to 150 people in the room. The 
average appeared to be about 75 decibels. The noise level for a normal 
oft ice iwith typewriters), averages about 45 decibels. The sound inten¬ 
sity level in the basement shelter area indicated 70-78 decibels before 
the ceremony, 64 db during the invocation, 54-70 db (average 66) during 
the introduction and speeches, 86-90 (average 88) during the applause, 
and 64-70 db after the ceremony upon dismissal. There were about 220 
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people in the basement for the ceremony. Air conditioning equipment was 
not in operation when the sound level readings were taken. 

2.2.1.** 111 nmin.it ii !.. Light in/ intensities were measured ( n the 1000 and 

200.person '.loiters tor both norm.-'l and emergency conditions. The average 
values in foot < andies measured at desk level are shown in Table 2.7. 


_ Table 2.7 _ 

Lighting for 1000 and 200-Put son Shelters __ 

Are a _____ Normal _ Emergency 

1000-Person Shelter 


Of fices 

46 

f .c. 

24 

f.c. 

Shelter Areas 

18 

f.c. 

9 

f .r 

Toilets 

54 

f .c. 

28 

f.c. 

Person Shelter 

Off ices 

40 

f.c. 

27 

f.c. 

Shelter Areas 

16 

f.c. 

8 

f.c. 

Toilets 

3 5 

f.c. 

31 

f.c . 


2.2.2 Structural Observations 

Minor cracks developed in the root slabs of both structures soon after 
the forms were removed. Cracks formed on several corners of the roofs in 
a line perpendicular to the negative diagonal corner reinforcing bars at 
the inner ends of the bars about seven feet In from the roof corners. See 
Figure 2.3. In some Instances these cracks extend through the slab. These 
are flexural cracks which are located at the point where yield lines (i.e. 
corner pivot) would form if the slab were loaded to failure. Cracks also 
formed at the construction joint along the ridge of the 1000-person shelter, 
at the reentrant corners formed by the entrance and main roof slabs, and 
at a few isolated locations. Repairs to the slab were made by chipping out 
the cracks and applying a sealing compound. This sealer was also placed in 
the construction Joint. No leaks have been observed in the roof of either 
jtructure since the sealer was applied. Examination of the roof slabs of 
both shelters approximately one year after erection reveals formation of 
hairline cracks. Hairline cracks have formed in the 200-person shelter 
roof slab directly over the interior column and at other corners. At the 
1000-person shelter cracks have formed in a radial pattern directly above 
each of the four it'erior coluimts as shown in Figure 2.4, at other re¬ 
entrant corners and at several Isolated locations. Cracks are due primarily 
to dead load flexural stresses and temperature stresses in the thick (13") 
roof slabs. See Section 5.2.4 for additional discussion of unprotected 
roof slabs. 






Figure 2.3. Creek at inner . : * • • • 'ie 200-person sheltet. 



Figure 2.4. Creeks in the roo! ... . . i . ■ son shelter over a coluon 





^.3 DKFTC1ENCIES 


2.3.1 Genera l. 

I)»»f U i enc 1 (-s listed have been determined from normal uie of the 
shelters and limited tests. Further testing may disclose additional 
deficiencies and comments Included here may be modified and elaborated 
upon after testing and evaluation has been completed. 

Items which warrant attention have been listed as deficiencies 
even though sorar* haa been considered in the *>arly stages of design 
but later deleted to keep costs at a mlnlnum. Cornnents apply to both 
structures unless stated otherwise. 

2.3.2 Architectural and Structural. 


a. The mass thickness at the base of the exhaust fan curb (see 
Figure 5.1) Is not adequate at the point over the exhaust 
duct since this is a point where an accumulation of fallout 
particles Is likely to occur. 

b. The radiation shielding provided by the floor slab In the 
Intake plenum of the 1000-person shelter is not comparable 
to that of the baffle walls. An accumulation of fallout 
particles in the filter, which extends about 10 inches Inside 
the building, would cause a high intensity of radiation in 
the basement area below the plenum floor. 

c. The floor slab in the generator room of the 200-person shelter 
does not provide adequate shielding of the Intake filter above. 
This condition is not as serious as that previously discussed 
in the 1000-person shelter (see b. above) because the filter 

la smaller and located higher above the floor. 

d. A baffle radiation shield has not been provided for the out¬ 
side air supply filter of the 200-person shelter. 

e. It Is not desirable to have the Intake plenum located directly 
over the emergency generator, aa in the 200-person shelter, 
because of the possibility of heat and noise transmission to 
the shelter area. 

f. There Is no covered access to the generator room from the 
shelter area. 

g. The ladder In the 200-person shelter is not properly located In 
relation to the hatch to permit easy egress from the basement. 



IP 


V. 


Vhe insulation provided by * he solid ro.i .nforced i:oi/;r*j , .o wai i.s 
in not, aufficien* for the confer* of pernonne i in the first, 
floor offices. V.'hon the out.sido temperature is. .Low personnel 
working near the wai1 arc chi j 1ed by radiation to the cold 
surface. 


2.3.3 Mechanical . 

a. Noise transmission through the duct work is high. 


b. No heat supply is provided in the stair wells. 


2.3.1i electrical. 


a. Electrical receptacle lias not. been provided in the emergency 
generator rooms for a batter;/ charger. 

b. Batter;/ powered emergency service lights and trickle-charge 
receptacle have not been furnished. Emergency battery lights 
are required in event of power failure prior to starting 
emergency generator. 

c. Telephone conduits are not provided from the entrance panel to 
rooms where telephones are required. 

d. No provisions have been made for the installation of radio 
antennae. 

e. No clock outlets have been provided. 

f. Electrical receptacles have not been provided in the central 
portion of shelter areas. 

g. A light fixture ha3 not been provided in the 1000-person shelter 
fan.room near the damper door ir» vent duct to facilitate inspec¬ 
tion. 

h. Lighting i3 not adequate near the boiler in the mechanical room 
of the 1000-person shelter and no switch has been provided near 
the door to the shelter area. 

i. Light fixtures in the generator room and at the outside entrance 
of the mechanical room of the 200-person shelter are not properly 
located. 

J. Light switching arrangement for the stairway of the 200-person 
shelter is not convenient. 


I™.. W—• *• 
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"ost.s were computed from the items of Tables I)-2 through Appen¬ 

dix I', which were compiled from the following sources: 

a. eontrac- or'hid proposal 

b. pay rolls 

c. U.S. Department of Labor wage rates 

d. Corps of Engineers daily job reports < tine data) 

e. estimates 

Percentage increases for the individual shelters based on computed 
costs compared to contract costs were 13? and 3?? for the 100C and 200- 
person 3heltor3, respectively. 

Dies© costs are necessarily approximate due to unavailability of 
actual construction materials and equipment costs. Further, labor costs 
for individual items within the contract are also approximate 3ince the 
contractor '3 payrolls included work done on all projects under a single 
contract; for example, some labor costs charged to shelters could appro¬ 
priately have been charged to general site improvements even though care 
was taken to include only labor within the building five foot line. 
Additionally, higher computed cost may be partly due to variations be¬ 
tween estimated and actual materials costs or to a low bid by the con¬ 
tractor. 

In any event, it is evident that the cost of an isolated individual 
shelter would be greater than the apparent contract cost for the same 
structure erected at the P5DC. 

3.1.? Testa . 

Test3 covered in this report are of a preliminary nature. Future 
testing will prov5.de additional data for evaluation of the shelters and/or 
components. Recommendations for future testing are included in Section $. 

3.2 DUAL PURPOSE USES 

Both structures lend themselves to a wide variety of uses in addition 
to shelter functions. The floor plans are suitable for use as a community 
center in which local civic groups and other organizations such as Boy 
he out 3 , |j-H Clubs, etc., may hold meetings; as a recreation center; as 
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storage space for Items which could be quickly moved out of the shelter; 
and as a cultural center for exhibits and group activities. 

In addition, the large shelter areas in e„ch of the buildings may 
be subdivided into smaller spaces, such as offices, by using standard 
movable office partitions which allow circulation of air. The present 
interior masonry partitions may also be relocated to suit particular user 
requirements. In this case, appropriate modifications should be made to 
the electric wiring and duct systems to Insure adequate lighting and 
ventilation. 

Provisions have been made in the layout of space and the plumbing 
in the 1000-peraon shelter for additional toilet fixtures if required 
for particular dual purpose uses. Three water closets and three lava¬ 
tories may be added to each women's toilet room; also one urinal, one 
water closet and two lavatories may be added to each men's toilet room 
if needed without modifications to the structure other than installa¬ 
tion of appropriate amtal stall partitions. The existing number of 
toilet fixtures was based on the normal use requirements of PSDC. 


SECTION 4. CONCLUSIONS 


4.1 GENERAL 

In general the prototype 200 and 1000-person shelter designs are 
satisfactory; however, a few relatively minor moolfications in the design 
(see Section 5, Recommendations) can improve the structures. For dual 
use as a covaunlty center, changes in the design can be made to provide 
the most useful facility as determined by the specific use requirements. 

4.2 CONSTRUCTION 

The prototype shelters did not present any unusual construction 
problems. 

4.3 COST 

Cost comparison of the two shelters demonstrates the advantage of 
building large capacity structures to reduce unit costs. In this case, 
the cost par shelter space provided in the smaller shelter is about $300 
compared to $152 par space in the larger shelter as shown in Table 2.2. 
Thsta are tote* costa of the building to the five foot line based on the 
actual contract coat. 
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li.ii MECHANICAL 

During normal operation and acceptance tests the heating and venti¬ 
lating systems of the 200 and 1000-person shelters maintained design 
conditions. 

1*.$ ELECTRICAL 


Electrical features of the shelters have proven to be satisfactory 
under normal operations with the minor exceptions listed as deficiencies 
in Section 2. 


SECTION 5. RECOMMENDATIONS 


5,1 GENERAL 

The following recommendations are suggested for inproving and test¬ 
ing 200 and 1000-person prototype dual-purpose fallout shelters. The 
recommendations for improvements are intended to apply to fallout shelters 
in general although specific reference is made to the existing structures. 
It is expected that the ultimate shelter design may differ from the pro¬ 
totype test shelter. 


5.2 ARCHITECTURAL AND STRUCTURAL 


5.2.1 Far. Curb. 


It is recommended that the width of the toilet exhaust fan curbs of 
both shelters be increased to insure adequate shielding over the exhaust 
duct as shown in Figure 5.1. 

5.2.2 Intake Plenum Shielding . 

To provide adequate radiation shielding it is recommended that the 
floor slab in the intake plenum of the 1000-person shelter be increased 
to a minimum of 15 inches. This will provide radiation shielding from 
fallout accumulated in the filter for the area directly below in the 
basement corapar le to that provided by the baffle walls on t.ie first 
floor. 

The floor thickness of the generator room of the 200-person shelter 
should also be increased to 15 inches to provide radiation shielding in 
the basement from fallout accumulations in the intake filter. 










Figure 5.1 Toilet exhaust fan detail. 


5.2.3 0ut3ide Air Intake . 

The intake for outside aii supply to the 200-person shelter is not 
provided with any direct radiation shield similar to that in the 1000- 
poraon shelter. The present intake, due to its location near the ceiling, 
contributes less than if the opening vere located closer to the floor, 
but it is considered important that such openings be mirdmized and that 
filters be well shielded. It is also undesirable to have the intake plenum 
located directly over the emergency generator because of heat and noise 
transmission to the shelter area. Further, fixe stone damage to the e<juip- 
ment within the generator room is considered likely due to the location of 
the intake louver. 
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It i* recommended. therefore, that the intake louver be relocated 
to improve the condition* stated above. As a minimum modification a 
taffle shield should )e provided between the filter and the shelter area. 

5.2.4 R oot 1 ng . 

The unprotected roofs were intended primarily to provide a surface 
which would optimise dispersal of fallout through blow-off and facilitate 
operation and'or testing of washdown and blow-off systems. Additionally, 
omission of roof protection also served to reduce overall costs. 

Experience to date, however, indicates formation of unavoidable cracks, 
for the structural system used, due to temperature and flexural stresses. 

The cracks which have formed, while not reducing the structural integrity 
of the roof slabs, will eventually penetrate through the slab. Ordinarily 
in roofs with tome form of protection such cracks would not be detrimental. 
In the case of the structures under consideration It has been found that 
these cracks can be successfully repaired with a two-part chemical sealer 
without loss of utility of the roof surface. 

A prestressed roof slab would have been relatively crack free and was 
considered during the design but was not used for reasons of economy. 

Attainment of a water tight unprotected roof slab using conventional 
reinforced concrete is extremely difficult due to problems of control of 
concrete placing, curing, dequate formwork and general quality control of 
materials. 

It Is reconmended that future shelters of the type described In this 
report include a protective covering over the concrete slab. Tha protec¬ 
tive material should provide a smooth surface and bond well to the under¬ 
lying concrete slab. In addition, the applied material should be non¬ 
flammable. Sprayed, rolled on or similarly applied vinyl or other thin 
elastomeric membranes are suitable for protective coatings provided they 
have the aforementioned attribute of being non-flammable. 

5.2.5 Generator Room. 


It is suggested that consideration be given to providing access to 
the emergency generator room from the machine room. 

5.2.6 Entrances . 

The entrances ss presently designed in the 200 and 1000-person shelters 
are shielded by exterior baffles essentially as Indicated by Figure 5.2, 

Case 3. This type of baffle has advantages where the interior of the build. 

lng is required to be completely open with no interior partitions or when 
modifying an existing structure as a shelter. However, when a building is 
originally designed to serve as a dual purpose facility such as a community 





24 


center as well as a shelter, it is important that the facility be construc¬ 
ted to provide a maximum usable area for minimum construction cost and pro¬ 
vide a community with a pleasant appearing building with adequate shielding 
The entrances shown hv Figure 5.2, Case 1 and Case 2 will serve this end. 



When baffles are constructed some gamau rays are deflected as shown 
in Figure 5.2. In Case 3, the deflection is primarily toward the interior 
of the shelter. In the 200-person shelter the reduction in protection 
factor at the center of the room is approximately 3% when considering 
radiation leakage from the entrances. 

It is possible to design an interior baffle system and stairs using 
approximately the same space as required for the existing entrance and 
stairway. Two new designs are shown in Figures 5.3 and 5.4. Modified 
design A (Figure 5.3) has the least area and access to the basement is 
available by passing through the first floor shelter area. Modified 
design P (Figure 5.4) has a direct access from the main lobby to the base¬ 
ment . 


The designs will provide architectural freedom, reduce the areas 
required for baffling and reduce construction cost. The reinforced con¬ 
crete walls should be designed to take advantage of diaphragm action, 
thus ellalnatlng the need of additional columns or a bearing wall in the 

basement. 

A tabulated comparison is made using the entrance in the 200-person 
shelter. 






STORAGE 





















Figure 5.4 Modified entrance design 
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T*M« 5.1 


'OMPAKISPN OF ENTRANCES 



Ex l s t i ng 


Mod if led 

Modified 


Design 


Design A 

Design 8 

Area 





1st Floor 

168 


212 

224 

basement 

133 


100 

14! 

Sui-Total 

301 sq. 

ft. 

312 sq. ft. 

365 sq. ft. 

Baf f1ed Fnt ranc e 





>exterior 

T TAL 

380 sq. 

ft. 

3l2 sq. ft. 

365 sq. ft. 

Storage \olume 





'Includes janitor closet: 

613 cu. 

ft. 

203 cu. ft. 

639 cu. ft. 


The modified design* reduce the quantity of material required for the 
existing design approximately as follow*: 

260 *q. ft. ot 6" masonry wall 
45 cu. vds. of excavation 
3-1'4 cu. vd*. of concrete roof (80 sq, ft.) 

25 ft. of side walk 

Thi* amount* to an estimated saving of $500 per entrance. 

5.2.^ Toilet Room*. 


Four Inch masonrv walls were huilt outside the toilet room doors of 
the 200-person shelter as shown In the plans to preclude a direct line 
of sight from the shelter areas. Eliminating this line of sight Is not 
essential in a shelter. However, it is important if a facility is to he 
used for dual purposes. p v judiciously laying out fixtures within the 
toilet areas as shown in Figure 5.5 and increasing the width of the toilet 
rooms from 7 ' - 9 to 8'-4" it is possible to eliminate the line of sight 
without using the masonrv s<reening. The shelter area is increased bv 
41 sq. ft. ; per floor. 

An inclosed duct is shown next to the door to the women's toilet on 
the as >uilt" first floor plan (see Appendix F). This can be revised to 
eliminate ductwork and masonrv (see Figure 5.5) by placing the vertical 
exhaust duct within the pipe cha'e against the exterior wall. This also 
makes it possible to vent out of the side of the building in lieu of the 
roof which would be a distinct advantage if a roof washdown system is to 
be utilised. 

5.2.8 Emergency Exit . 

It is recommended that the 1•duer in the basement of the 200«person shel¬ 
ter be moved out to 13" from thi wall to permit easy egress through the hatch. 




EXHAUST DUCTS 
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.'•a. 


I- is r*' orwndcd ^ha' the insulating capacity of the exterior walls 
cf a,’ firr/ floor office spaces he increased by adding l/2" gypsu board 
v!*:. o\<- nid* fa^'d with aluminum foil on 1" x 2" wood funding. It is 
Ima*'-•d *‘.a* *h*-- additional cost for new construction will be about 
^ .V p«r square foot of wall area. 

L *3 V, ,‘ 4 t' ' ’’ ' * * 

# J ,'J 1 ! b i i /\ -« 

# 3* 4. Vc r/ II ating *2/3 ter. ♦ 

The air supply and return ductwork serving the air handling unit and 
the emergency ventilation fan, transmit noise generated by the system as 
well as other sources too easily from one space to another. It is recom¬ 
mended that sound traps be installed at suitable locations within the 
system to reduce the noise transmission to acceptable levels. 

5.3.2 Heating System . 

For future shelters it is recoirmended that duct work be provided to 
supply heat to stairwells and vestibules. 

5.3.3.1 Verb Piping . It is suggested that mushroom caps be provided over 
plumbing vents to prevent collection of radioactive dust within the vent 
pipe during fallout period plus reduce back-pressure to plumbing traps due 
to blast overpressure. 

5 . 3.3.2 Water Piping. For convergence, it is suggested the valve assembly 
for the normal /emergency water supply be rearranged so that the valve 
handles will face the operator. 


To improve future shelters it is recommeiwied that: 

a. An electrical receptacle be provided in the emergency generator 
room to permit the use of a battery charger for periodically 
charging the engine battery. 

b. Battery 7 powered emergency service lights be installed to provide 
minimum lighting after disruption of commercial power. 

c. Telephone conduits be installed from the entrance panel located 
in the machinery room to rooms where telephones are required. 

d. Conduit be installed in the roof for future radio antennae. 
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e. Clock outlets be installed in selected locations in office and/or 
shelter areas, 

f. A receptacle be installed on each of the four columns in the ahel- 
ter areas of the 1000-person shelter (each on a separate circuit). 

g. A light fixture be provided in the 1000-person shelter fan room 
near the damper door in the vent duct to facilitate inspection. 

h. An additional light fixture be provided in the 1000-person shelter 
machinery room near the boiler with a switch near the doorway to 
the shelter area, 

i. The light fixture at the 200-person shelter machinery room outside 
doorway be relocated to clear door swing, 

j. The light fixture and conduit in the 200-person shelter generator 
room be relocated to clear the duct, 

k. Electrical conduit be concealed in walls and ceiling where possible 
except in machinery rooms. 

l. Switches for stair lights in the 200-person shelter be wired to 
permit turning lights on or off from either floor. 

5.5 FUTURE TESTING 

5.5.1 Acoustics . 

It is recomuended that sound level tests be conducted at various loca¬ 
tions in both shelters for the following conditions: 

a. With the air handling unit operating as for normal heating and 
ventilating. 

b. With the air handling unit and compressor operating. 

c. With the emergency air supply operating at rates of 3 cfa to 2h cfm 
per parson at the rated shelter capacities using normal power. 

d. As in c. above except using the emergency generator for power. 









APPENDIX A 
TABLE A- 1 

STATISTICS 



1000-PERSON SHELTER 

200-PERSON SHELTER 

Construction Material 

Reinforced Concrete 

Reintorced Concrete 

Site 

76* x 76' 

37'-2" x 37 * - 2 ” 

Nunber of Floor* 

2 

2 

First Floor Slab Thickness 

8-1/2" 

8" 

Roof Thickness 

13" 

13" 

Wall Thickness 

Below Ground Level 

10" 

10" 

Above Ground Level 

15" 

16" 

Protection Factor 

Baaeaent (at center) 

2640 

2560 

First Floor (at center) 

105 

100 

Water Storage 

cn00 gal. 

1000 gal. 

Fuel Oil Storage 

3000 gal. 

1000 gal. 

Emergency Air Supply 

30,000 CFM 

5400 CFM 

Decontanination Area 

None 

None 

Net Area per Person 

10 S.F. 

10 S.F. 

Voluate per Person 

96 cu. ft. 

98 cu. ft. 

Total Cost 

$152,226.00 

$60,018.50 

Cost per Person Sheltered 

$ 152.23 

$ 300.09 
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Office of Civil Defense 
Department of Defense 
Washington 25, D. C. 


Protective Structures Division 
Technical Memorandum 61-3 
August 7, 1962 


MINIMUM TECHNICAL REQUIREMENTS FOR 
GROUP (COMMUNITY) SHELTERS 


I General 


The purpose of these minimum technical requirements is to establish 
official standards which will provide the basis for economical group 
(community) shelters where people can be effectively protected and austerely 
housed. Group shelters meeting these requirements will provide a tolerable 
environment for at least three (3) days of continuous occupancy. However, 
in most parts of the United States and for most times of the year, these 
requirements will permit a continuous occupancy for longer than three (3) 
days. Minor modifications to suit applicable building codes may be 
necessary. Care must be taken, however, not to diminish the protective 
characteristics of the shelter. 

II Terminology 

A. Fallout Shelter A structure, room or 6pace designed to protect its 
occupants from fallout gamma radiation, and provide a protection factor of at 
least 100. 


B. Protection Factor A factor used to express the relation between the 
amount of faliout gamma radiation that would be received by an unprotected 
person and the amount received by one in a shelter. (For example, an 
unprotected person would be exposed to 100 times more radiation than a 
person inside a shelter when the protection factor is 100.) 

C. Blast-resistant Shelter A shelter meeting the requirements of II A 
and designed to protect its occupants against the effects of blast, and 
associated initial nuclear and thermal radiation, for a design overpressure 
of at least 25 pounds per square inch. 

D. Limited Blast-resistant Shelter A shelter meeting the requirements 
of II A and designed to protect its occupants against the effects of blast, 
and associated initial nuclear and thermal radiation, for a design over¬ 
pressure of at least 5 pounds per square inch. 

E. Dual-purpose Shelter A s K elter having a normal use which woulu not 
appreciably interfere with its use in emergency. 

F. Group Shelter A shelter for ten (10) or more people. 

G. Community Shelter A group shelter with a capacity of at least 50 
persons. 


1 

i 


> 
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III Space and Ventilation Requirements 

A. Provision shall be made to prevent the huild-up of vitiated air in 
shelter to a level hazardous to its occupants during the design period of 
occupancy. 

B. At least 10 square feet of sne.cer floor area per person shall be 
provided. 

C. At least 6 5 cubic feet of space per person shall be provided. 

D. If the shelter capacity is based on minimum space requirements, 
then at least 3 cubic feet of fresh air per minute per person are required. 

E. When ventilation is limited, the following table can be used for 
det rmining the relation of space requirements to ventilation: 


Rate of air chan-• vminutes) /I 


1 ,000 o r mo re 
600 ------ 

400 . 

200 . 

100 . 

60 -------- 

35 .- 

22 . 


Volume of space 
required per 
person (Cu. Ft. ' 

---- 500/2 

- 450 ~ 

- - - - 400 

- - - - 300 

---- 200 
- - - - 150 
- - - - 100 
- 65 


(_\ Computed as the ratio: Net volume of space (cu, ft.) 

Fresh air supply (cfm) 

/2 Shelter capacity or occupancy time may be limited by the 

volume of the room and not by its a tea. This is particularly 
true if mechanical ventilation is inadequate. In many cases, 
however, interior stairwells, shafts, and ducts would create 
enough natural ventilation to permit a continuous occupancy 
for at least three (3) days. 

F. Filters are required on mechanical ventilation systems. They 
should be capable of removing at least 90Z of 50 micron particles. 

IV Sasic Structural Requirements 


A. In general, conventional methods of design and construction for 
concrete, wood, steel, brick, structural tile and other products will be 















APPENDIX - B 


35 


followed. Variations from conventional methods shall be theoretically 
and experimentally demonstrated as being capable of carrying design loads. 
Allowable stresses and/or load factors as defined in the applicable codes 
shall be used. 

E. In areas subject to natural hazards (earthquakes, hurricanes, etc.), 
provisions shall be made to prevent structural damage by any of these natural 
events. 

V Cons t .netion Requirements 

A. The structure shall be designed for useful life of at least 10 years. 

B. At least one unit of access and egress width should be provided for 
every 200 shelter occupants (a unit width is 22 inches, the space required 
for free travel of one aisle of persons). In no case shall the width be 
less than 24 inches: nor shall there be less than two widely separated 
means of egress from each building, except m some special cases such as 
mines. Emergency-type hatchways may be used as a means of egress. They 
shall be designed so that any normal-size adult can readily enter or leav< 
the main shelter chamber. 

C. Shelters offering resistance to blast shall not use construction 
materials that are of frangible nature. The use of these materials in 
fallout shelters is discouraged. 

D. The interior surfaces of shelters offering resistance to blast 
which are susceptible to dusting shall be painted, coated, or otherwise 
treated to eliminate this possibility. 

£. Shelters offering resistance to blast shall not have false ceilings, 
loosely-supported fixtures or other elements (such as open storage shelves) 
likely to create flying debris in the event of shock. The use of such items 
in fallout shelters is discouraged. 

F. In areas subject to high ground water conditions, provisions shall 
be maue to prevent flotation of the shelter. 

C. Provisions shall be made to insure the shelter interior will remain 
reasonably dry. When necessary, such items as surface, perimeter and subgrade 
drainage, damp-proofing and water-proofing shall be accomplished. 

H. Hazardous utility lines such as steam, gas, etc. should not be 
located in or near the shelter area unless provision is made to eliminate 
such hazards before the shelter is occupied. 

I. Appropriate provisions shall be made for use of ordinary battery- 
operated radios. This may require installation of suitably designed antenna. 

J. Provision shall be Mde for the prevention of infestation of the 
shelter area by ineecte, rodents, or other peats. 
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VI Fire Resistance 

A, All shelters shall be constructed to minimize the danger of fire 
from both external and internal sources. 

B. Exterior surfaces of shelters offeritg resistance to blast shall 
not be ignitable by the thermal pulse associated with the range of the 
design overpressure. This shal be determined by methods approved by the 
Office of Civil Defense. 


C. Shelters offering resistance to blast and, when feasible, fallout 
shelters with entranceways to existing buildings shall be provided with 
closures which will heat-isolate the shelter chamber from the associated 
building. These closures shall also prevent the infiltration of noxious 
gases. 

D. Shelters offering resistance to blast and, when feasible, fallout 
shelters shall have air-intake systems located to minimize the chances of 
heated air or noxious gases from outside fires being drawn into the system. 


VII Radiation Shielding 


A. The protection factor of a fallout shelter shall be determined by 
methods approved by the Office of Civil Defense. 


B. In shelters offering resistance to blast, the shielding required to 
adequately reduce the initial gamma and neutron radiation shall be calculated 
at the range of the design overpressure, using methods approved by the Office 
of Civil Defense. Using these methods, the inside dose from initial radiation 
shall not exceed 20 rad. 


C. If filters or plenum chambers o. other areas where radioactive 
particles can accumulate are in or adjacent to a shelter area, they shall 
be properly shielded. 

D. In the calculation of the protection factor, the radiation dose 
contribution to the shelter occupants coming from the entranceways, 
ventilation ducts or other openings in the sue!ter's barriers shall be 
considered. 


E. Entranceways shall be properly designed to prevent the infiltration 
of fallout particles and to reduce the fallout gamma radiation hazard through 
the use of principles of geometry and/or barrier shielding. 

VIII Blast Resistance 

A. The blast resistance of a shelter and its components shall be 
calculated by methods approved by the Office of Civil Defense. 
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B. Shelters offering resistance to blast shall be capable of with¬ 
standing the design overpressure without structural collapse or serious 
injury to the occupants. The equipment associated with the shelter such 
as vent pipes, doors, storage tanks, ductwork and other blast-sensitive 
items shall be designed to perform satisfactorily at the sane overpressure 
range. 


C. In shelters offering resistance to blast, openings to the atmosphere 
shall be provided with appropriate devices to prevent a build-up cf pressure 
within the shelter so that its occupants are subject to no greater than 5 psi. 
Care shall be taken to assure that duct systems and other blast sensitive 
items are properlv protected. 

IX Services 


A. General provisions shall be made for the storage of basic shelter 
supplies by allotting at least one and one-half cubic feet per person. These 
supplies may include such items as water, sanitary kita, medical kit, radiation 
meter and food. 

B. Water Supply 

1. Provisions shall be made for a potable shelter water supply. The 
total quantity available shall not be less than 3^ gallons per occupant. 

2. Approved disposable water containers, a suitable well or water 
storage rank shall be provided to assure an adequate potable water supply. 

3. Water storage containers shall be non-fTangible unless special 
provision is made to minimize the possibility of breakage, 

4. In fallout shelters, stored water shall be kept in the shelter 
itself or in nearby, readily accessible areas of the building in which the 
shelter is located. 

5. In shelters offering resistance to blast, stored water shall be 
either (a) kept in suitable containers within the protected area, or (b) kept 
in containers outside the shelter, in which case storage tanks and associated 
piping shall be able to sustain the design overpressure without leakage. 

C. Sanitation 


1. Provisions shall be made for the disposal of garbage, trash, 
and humnn waste in such a way as to preclude the creation of unsanitary 
conditions or offensive odors. 

2. Regular or austere flush-type toilets, chemical or disposable 
toilets shall be available on the basis of one per 25 occupants. In fallout 
shelters, 50% of these may be outside the shelter area, if readily available 
in other parts of the building. 
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D. Electrical 


1. Fallout shelters do not require emergency power it it can 
reasonably be assumed that regular power supplies will be available under 
fallout conditions. 

2. Blast shelters shall have emergency power. 

3. Emergency power shall be adequate to operate at least the 
following systems: 

(a) Required ventilation. 

(b) Required lighting. 

(c) Emergency water supply (when provided). 

(d) Emergency sewage ejection (when provided). 

4. Emergency engine-generator sets shall have separate vents 
and be heat-isolated from the main shelter chamber. Special consideration 
must be given to the manner of installation of engine-generator sets and 
fuel tanks to minimise hazards from exhaust gase" and fires. 

5. Emergency engine-generator sets shall have a storage tank 

for a fuel supply of <\t least 2 weeks. In blast shelt*' s, engine-generator 
sets and auxiliary equipment must be designed to perfoim in accordance 
with paragraph VIII C. 

b. Emergency lighting levels shall be at least: 

(a) Sleeping areas (floor level) -- 2-foot candles. 

(b) Activity areas (floor level) -- 5-foot candles. 

(c) Administrative and medical areas (desk level) -- 
20-foot candles. 

7. Normal use circuits may be modified by appropriate switching 
in order to meet the above requirements, and allow use of normal power 
sources when they are available. 


! 
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*About 15*?. of this amount was for electrical. 
**About 127. of this amount was for electrical. 
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TABLE D-2 

MATERIALS LIST - 1000 PERSON SHELTER (ESTIMATED) 


ITEM 

UNIT 

QUANTITY 

UNIT COST 

TOTAL COST 

Concrete 

cy 

876 

$ 18.00 

$ 15,768 

Reinforcing 

4 

100,200 

.10 

10,020 

Meth 

sf 

5,900 

.04 

236 

Form* 





Footing* 

• f 

1,200 

.20 

240 

Wall*, Floor*, Col*., etc. 

sf 

21,040 

.30 

6,313 

Roof 

sf 

5,620 

.32 

1,798 

Roof curb 

If 

220 

.10 

22 

Floor key* 

If 

310 

.05 

15 

Vapor Barrier 

•f 

5,720 

.01 

57 

Gravel Fill (alab) 

cy 

212 

3.50 

742 

Curing & Finishing Material* 

l* 



900 

Stair Rlaera 

If 

140 

4.00 

560 

Maaonry 





4" Interior Partition* 

sf 

1,711 

.25 

428 

6" Interior Partition* 

•f 

4,152 

.32 

1,328 

Mlacellaneoua Metal* 

Is 



994 

Toilet Partition* 

ea 

4 

90.00 

360 

Carpentry 





Information Desk 

If 

13 

20.00 

260 

Janitor Closet 

set 

2 

75.00 

150 

Door* & Prase* 

Is 



2,885 

Ceramic Tile 





Floor* 

• f 

600 

.90 

540 

Wall* 

• f 

980 

.90 

882 

Paint 

1* 



805 

Asphalt Tile 

• f 

4,400 

.12 

528 

Bobber Base 

If 

455 

.30 

137 

Glasing 

Is 



216 

Dm^> Proofing 

■f 

3,000 

.03 

90 

Toilet Accessories 

Is 



72 

Plumbing 

1* 



5,850 

Heating, Vent. & Air Condlt. 

Is 



12,625 

Electric 

la 



2.388 





$ 67,209 
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ITEM 

UNIT 

QUANTITY 

UNIT COST 

TOTAL COST 

Concrete 

cy 

316.7 

$ 18.00 

$ 5,701 

Reinforcing 

# 

25,91* 

.10 

2,591 

Mesh 

sf 

1,509 

.04 

60 

Fora* 





Footing* 

sf 

*65 

.20 

93 

Wall*, Floor*, Cola., *tc. 

sf 

8,977 

.30 

2,693 

Roof 

sf 

1 ,*70 

.32 

*70 

Roof curb 

If 

160 

.10 

16 

Floor keys 

If 

180 

.05 

9 

Vapor barrier 

sf 

1 ,' , 72 

.01 

14 

Gravel fill (slab) 

cy 

*2 

3.50 

147 

Curing & Finishing Materials 

Is 



256 

Stair Riacr* 

If 

70 

*.00 

280 

Masonry 





4'’ Interior Partition* 

sf 

692 

.25 

173 

6" Interior Partition* 

sf 

1,325 

.32 

42* 

Miscellaneous Metal* 

Is 



494 

Toilet Partitions 

ea 

* 

90.00 

360 

Carpentry 





Janitor closet 

set 

1 

75.00 

75 

Door* & Franas 

Is 



2,53* 

Ceramic Tile 





Floor* 

sf 

252 

.90 

227 

Wal Is 

sf 

526 

.90 

*73 

Asphalt Til* 

sf 

607 

.12 

73 

Rubber Base 

If 

160 

.30 

5* 

Paint 

Is 



3*6 

Closing 

is 



84 

Damp proofing 

sf 

1,788 

.03 

5* 

Toilet Accessories 

Is 



72 

Plwabing 

Is 



3,0*5 

Heating, Vent. & Air Condit. 

Is 



5,55* 

Electric 

Is 



989 





$27,361 
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TABLE D-4 

CONSTRUCTION EQUIPMENT - 1000 PERSON SHELTER (ESTIMATED) 


TYPE 

KITES 

COST/BOUR 

COST 

Air Compressors 

2 

$ 7.99 

$ 15.98 

Cranes 

39 

15.06 

587.34 

Dosera (D-6) 

51 

8.69 

443.19 

Prone End Loaders 

149 

6.92 

1031.08 

Mortar Mixers 

24 

2.00 

48.00 

Pans (5yd) 

29 

12.47 

361.63 

Tractors 

14 

3.82 

53.48 

Trucks 

119 

3.04 

361.76 

Welding Machines 

3 

2.38 

7.14 

TOTAL 



$2909.60 


TABLE D-5 

CONSTRUCTION EQUIPMENT - 200 PERSON SHELTER (ESTIMATED) 


TYPE 

HOURS 

COST/HOUR 

COST 

Cranes 

25 

$ 15.06 

$ 376.50 

Dosers (D-6) 

15 

8.69 

130.35 

Front End Loaders 

114 

6.92 

788.88 

Mortar Mixers 

16 

2.00 

J2.00 

Tractors 

8 

3.82 

30.56 

Trucks 

36 

3.04 

109.44 

Welding Machines 

4 

2.38 

9.52 

$1477.25 


% 
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TABLE D-6 

LABOR FOR 1000 PER SON SKF.LTE Rj' E' r I MATED ) 


C 1 nail £ lcati on 

Rate/Hour 

Man-Hour* 

Cost 

Superintendent 

$ 4.00 

416 

$ 1,664.00 

Engineer* 

3.75 

45 

168.75 

Foremen 

5.625 

1,343 

7,554.37 

C arpenter* 

4.00 

2 ,899 

11,596.00 

Electrician 

4.55 

721 

3,280.55 

Electrician Apprentice 

1.82 

170 

309.45 

Finlahera 

u 1 02 5 

2,133 

8,585.32 

Glaaier 

4,105 

8 

32.84 

Inaulators 

4.95 

103 

509.85 

Insulator Apprentice 

2.62 

55 

144.10 

Iron Worker* 

4.15 

600 

2,490.00 

Laborer* 

2.65 

6,783 

P ,974.95 

Llncuo 

4.55 

16 

72.80 

Mason* 

4.59 

360 

’ ,65‘\40 

Mechanic* 

4.55 

221 

1,1)05.55 

Mortar Men 

2.85 

24 

68.40 

Operat or* * 

Air Tool 

2.80 

2 

5.60 

Crane 

4.17 

39 

162.63 

!>o**r 

3.77 

51 

189.72 

F. F.. Loader 

3.87 

149 

576.63 

Fan 

3.72 

29 

107.88 

T ractor 

3.72 

14 

52.08 

Fainter* 

3.825 

152 

581.40 

(lumber* 

4.50 

354 

1,593.00 

Roofer* 

3.70 

28 

103.60 

Steam Fitters 

4.70 

276 

1,297.20 

Sheetmetal Men 

4.68 

340 

1,591.20 

Tile Setter* (Asphalt) 

4.22 

30 

126.60 

Tile Setters (Ceramic) 

4.22 

96 

405.12 

Tile Setter* Helper* 

3.22 

24 

77.28 

Truck Drivj.r* 

2.425 

119 

288.57 

We 1der* 

4.15 

3 

12.45 

TOTAL 


17,603 

$64,280.29 
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TABLE D-7 

LABOR FOR 200 PERSON SHELTER ^ESTIMATED) 


Classification 

Rate/Hour 

Man-Hours 

Cost 

Superintendent 

$ <.00 

211 

S 844.00 

Engineers 

3.75 

16 

60.00 

Foremen 

5.625 

607 

3,414.37 

Carpenters 

4.00 

1,487 

5,948.00 

Electrician 

4.55 

368 

1,674.40 

Electrician Apprentice 

1.82 

157 

285.74 

Finishers 

4.025 

896 

3,606.40 

Clasler 

4.105 

8 

32.84 

Insulators 

4.95 

88 

435.60 

Insulator Apprentice 

2.62 

8 

20.96 

Iron Workers 

4.15 

131 

543.65 

Laborers 

7.65 

3,805 

10,083.25 

Llneaen 

4.55 

16 

72.80 

Mesons 

4.59 

232 

1,064.88 

Mechanics 

4.55 

129 

586.95 

Mortar Men 

2.85 

16 

45.60 

Operators: 




Crane 

<.17 

25 

104.25 

Dase. 

3.72 

15 

55.80 

1,E. Loader 

3.87 

114 

441.18 

Tractor 

3.72 

8 

29.76 

Painters 

3,825 

114 

436.05 

P limbers 

4.50 

330 

1,485.00 

Roofers 

3.70 

12 

44.40 

Stesa Fitters 

4.70 

243 

1,142.10 

Sheetactal Men 

4.68 

198 

926.64 

Tile Setters (Asphalt) 

4.22 

26 

109.72 

Tile Setters tCerasic) 

4.22 

64 

270.08 

Tile Setters Helpers 

3.22 

56 

180.32 

Truck Driver 

2.425 

36 

87.30 

Welders 

4.15 

4 

16.60 


TOTAL 


9,420 


$34,046.64 
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TABLE D-8 

COST SUMMARY BASED ON CONSTRUCTION DATA AND MATERIALS (ESTIMATED) 


ITEM _COST 


1000 Person Shelter 

Materials (estimated) $ 67,209 

Construction Equipment 2,909 

Labor 64,280 

121 Labor Benefits, Insurance & Taxes 7,714 

142,112 

10X Overhead 14,211 

156,323 

101 Profit 15.632 


Total $ 171,955 


200 Person Shelter 

Materials (estimated) $ 27,361 

Construction Equipment 1,477 

Labor 34,048 

121 Labor Benefits, Insurance & Taxes 4,086 

66,972 

101 Overhead 6,697 

73,669 

101 Profit 7,367 


Total 


$ 81,036 





Construction 















Figure E.3 installing filters at 1000-person shelter. U.S. Artsy Photogr 














Figure 







Piecing reinforcing eteel «t 200-person shelter. 










person ehelter. U.S. Army Photograph 
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